This study examined whether physical activity, mental health and socio-economic position were associated with the overall academic performance and future educational plans of adolescents aged 15-16 years. We used a sample of 7002 boys and girls from the Northern Finland Birth Cohort 1986. Data were collected by a postal enquiry in 2001-02. Multivariable logistic regression models were estimated and adjusted for family structure and all variables in the models. In the fully adjusted models, higher levels of physical activity and high parental socio-economic position were associated with higher overall academic performance and future plans for higher education. High scoring on behavioural problems was related to lower overall academic performance and poorer future academic plans. In summary, a higher level of physical activity, fewer behavioural problems and higher socio-economic position were independently associated with high selfperceived overall academic performance and plans for higher education among adolescents. The interrelations of these factors and the positive relationship between physical activity, mental health and school outcomes provide a context of critical importance for future research, intervention programming and policy directed at improving the educational attainment of adolescents.
Introduction
There is strong evidence in epidemiological literature that education is a key predictor of life opportunities, both within the economic and social sphere and with respect to subjective outcomes such as happiness and perceived quality of life [1] [2] [3] . People who fail to complete secondary school earn less income, experience less stability at home and at work and are more likely to require public assistance than those who do complete secondary school [4, 5] . Well-educated people also enjoy better health than the poorly educated, and a low level of education is associated with, for example, high rates of many infectious and chronic non-infectious diseases, poor self-reported health and shorter life expectancy [6] [7] [8] . The less schooling people have the higher their levels of risky health behaviours such as smoking or physical inactivity [9] .
Physical activity may reduce stress, alter mood states, affect arousal and attention and, perhaps as a result, improve school achievement [10, 11] . Physical activity may also improve social skills that might result in academic outcomes: children and adolescents who learn to co-operate, share and abide by the rules of group physical activities are likely to feel more connected to their school and community [11] . Moreover, testing physical abilities in individual activities may encourage adolescents to challenge themselves in social and academic circumstances [11] . Previous research has shown that physical activity is positively related to brain function and cognitive performance across all ages [12] [13] [14] . However, relatively few studies have explored the relationship between physical activity and educational performance/plans through high-quality designs and representative study samples.
In the United States, over half the adolescents who fail to complete secondary education have a diagnosable psychiatric disorder, and the proportion of failure to complete school that is attributable to psychiatric disorder has been estimated to be 46% [15] . Results from several longitudinal studies show that associations with educational attainment may differ according to types of mental health problems [16] [17] [18] . Behavioural problems appear to be more significant as regards primary and high school termination, while emotional disorders play a stronger role in college entrance and completion [17] . Despite the previous results, few studies have explored mental health problems in association with educational performance on a larger scale, including not only emotional but also behavioural and social problems in the same study setting. Even fewer have examined educational plans as an outcome measure.
Research consistently shows an association between parents' socio-economic position and adolescents' school performance; adolescents of higher socio-economic position show higher levels of academic achievement than their counterparts from lower socio-economic backgrounds [19] [20] [21] . Parental education seems to be a particularly important factor affecting adolescents' academic achievement. It has been reported that even within a group with considerable economic disadvantages, socioeconomic status, as reflected by the level of parental education, is a key predictor of student school performance [22] . A similar association has been reported between pupils' socio-economic position and reading, spelling and Mathematics skills [23, 24] .
The life-course perspective on health sees longterm biological, behavioural and psychosocial processes linking adult health and disease risk to physical or social exposures acting during different phases of life, from gestation to adult life [25] . A 'critical period' model suggests that an exposure acting during a specific period has lasting or lifelong effects on health. An 'accumulation' model hypothesizes that environmental or behavioural insults may cause long-term, gradual damage to health in separate and independent ways, or they may cluster together in socially patterned ways. Risk factors at different life stages may also accumulate over time because of 'chains of risk' where one adverse exposure leads to another and so on [25] . These life-course models are not mutually exclusive, may operate simultaneously and can be difficult to distinguish empirically [26] . However, from a preventive point of view, they offer a more extensive approach on adolescents' health and health behaviours than conventional adult lifestyle models, which are unable to explain fully geographical, temporal and social variations in health and health behaviours among young people [26] .
There is growing evidence that sources of risk for later physical and mental health as well as other life opportunities occur across the life-course [26] . Considering the importance of education for adult well-being and of the role of early academic performance in later educational attainment [27] , academic performance in adolescence may be a critical factor affecting later health and other life opportunities. In order to be able to promote the academic performance and attainment of adolescents, more information is needed regarding factors affecting school outcomes. The aim of this study is to examine how physical activity, emotional and behavioural problems and socio-economic position are associated with the academic performance of adolescents. We hypothesize that a higher level of physical activity, fewer emotional and behavioural problems and higher socio-economic position are independently associated with high overall Physical activity, mental health and education in youth academic performance and plans for higher education among adolescents.
Methods

Study setting and population
We used data from the Northern Finland Birth Cohort 1986 which at the baseline consisted of 9432 children who were born alive and whose expected date of birth was between 1 July 1985 and 30 June 1986 in the two northernmost provinces of Finland, Oulu and Lapland [28] . In 2001-02, when cohort members were 15-16 years old, all 9215 of them who were alive and whose addresses were known were sent a postal questionnaire including questions regarding their physical activity, emotional and behavioural problems, academic performance and educational plans (response rate 80%, N = 7344). Their parents also received a questionnaire that included questions regarding the mother's education (response rate 76%, N = 6985). We examined 7002 boys (47.9%) and girls (52.1%) who completed the Youth Self-Report (YSR) questionnaire assessing their emotional and behavioural problems. The socio-economic position, measured by mother's level of education, was somewhat higher in the selected study sample compared with the baseline population; 14% of adolescents had a highly educated mother in the present sample compared with 7% at the baseline. Informed consent was obtained from all participants and their parents, and the research protocol was approved by the Ethics Committee of the University Hospital of Oulu.
Measurement of academic performance
Adolescents were asked to rate their performance in Finnish language, general subjects (such as history and religion), Mathematics and natural Sciences (such as biology, chemistry and physics) compared with their peers. The response alternatives were above average, average, below average and bottom. Responses were coded according to the following scheme: above average = 4, average = 3, below average = 2 and bottom = 1. Grades for the four subjects were summed to calculate a summary score of self-reported 'overall academic performance'. The range of the summary score was from 4 (all bottom) to 16 (all above average). For analytic purposes, the academic performance summary score was dichotomized around the 30th percentile of the summary score (summary score = 14), so that those scoring 14-16 were classified as having 'high academic performance' and those scoring 4-13 were classified as having 'average or lower academic performance'. This cut-off point was chosen because it distinguishes adolescents' ratings of their performance in individual subjects (Finnish, general subjects, Mathematics and natural Sciences) as 'above average' from those rating their performance as 'average or lower'.
In Finland, compulsory education starts in the year a child reaches age of 7, the scope of the basic education syllabus being 9 years (age 7-16). More than 90% of those completing basic education continue their studies in general upper secondary schools or vocational education and training (age [16] [17] [18] [19] . Higher education is offered in universities or polytechnics [29] . In the present study, 'educational plans' were measured by asking what plans adolescents had for continuing school after basic education. The response alternatives were as follows: upper secondary school and polytechnic or university, upper secondary school and vocational school, upper secondary school only, vocational education, will not continue education and do not know yet. Responses were dichotomized into two groups according to their educational plans: (i) higher education (adolescents aiming to continue their education to upper secondary school and polytechnic or university level) and (ii) lower level education (all other options).
Measurement of emotional and behavioural problems
Emotional and behavioural problems at the age of 16 were measured using the Finnish version of the YSR, which is a widely used questionnaire designed to assess emotional and behavioural problems among adolescents aged 11-18 years [30] . The YSR contains the following eight syndrome scales: (1) anxious/depressed symptoms, (2) M. T. Kantomaa et al.
withdrawn/depressed symptoms, (3) somatic complaints, 4) social problems, 5) thought problems, 6) attention problems, 7) rule-breaking behaviour and 8) aggressive behaviour. Participants assessed whether each statement was true or not for them for the period of the preceding 6 months. The response scale was not true (Score 0), somewhat or sometimes true (Score 1) and very true or often true (Score 2). The YSR item scores were summed to obtain a summary score for each subscale. Syndrome Scales 1-3 (anxious/depressed, withdrawn/ depressed and somatic complaints) comprise the 'internalizing scale' (hereafter referred to as 'emotional problems'), Scales 7 and 8 (rule-breaking and aggressive behaviour) comprise the 'externalizing scale' (hereafter referred to as 'behavioural problems'), while Scales 4-6 (social, thought and attention problems) are not part of either internalizing or externalizing scales and are called 'other syndromes'. The YSR is still undergoing validation, although it is frequently used both in clinical and in research work in Finland. This is why we used the cut-off points (approximately the 84th through 90th percentiles) proposed by Achenbach and Rescorla [30] to group the original summary scores into normal, borderline and clinical range groups. For further analyses, the YSR variables were dichotomized by combining borderline range and clinical range groups into one group, which is hereafter referred to as 'problem range'. The reliability of the YSR scales ranged between 0.69 and 0.83, being highest for aggressive behaviour and lowest for social problems, when measured with Cronbach's alpha coefficient. The reliability and validity of the YSR are also documented by Achenbach and Rescorla [30] .
Measurement of physical activity
At the age of 16, the adolescents were asked about their participation in moderate-to-vigorous intensity physical activity (MVPA) outside school hours. The amount of MVPA was evaluated by asking 'How much brisk physical activity do you participate in outside school hours?' In the questionnaire, the term 'brisk' was defined as physical activity resulting in at least some sweating and breathlessness. The response alternatives were not at all, about half an hour a week, ;1 hour a week, 2-3 hours a week, 4-6 hours a week and >7 hours a week. Adolescents were classified into three groups according to their weekly participation in MVPA: (i) active (>4 hours of MVPA), (ii) moderately active (2-3 hours of MVPA) and (iii) inactive (<1 hour of MVPA). The definition of active is not strictly consistent with current physical activity recommendations, which suggest that school-aged children should participate in MVPA for at least 1 hour/day [31] . This recommended level of physical activity was met by only 23% of boys and 10% of girls in our population [32] , resulting in groups too small for statistical analyses, especially that of girls. Therefore, we defined as active those members of the cohort (46% of boys and 29% of girls) who participated in MVPA for >4 hours/week. The test-retest reliability of this question was reported as fairly good, the intraclass correlation coefficient being 0.83 among Finnish adolescents aged 15-16 years [32] .
Parental socio-economic position
We used mother's education to determine parental socio-economic position. This was decided because most childhood and adolescence risks are strongly associated with the mother's level of education [18] , which is a stronger predictor of student performance than father's education [19] . 'Mother's education' was classified into educational level categories according to the International Standard Classification of Education [33] and the Finnish National Board of Education [29] . Four educational groups were formed: (i) basic education, lasting <9 years (9% of mothers); (ii) upper secondary education, lasting 10-12 years (66%); (iii) tertiary/higher education, lasting >13 years (13%) and (iv) other or unfinished degree (11%) [34] . The last category (other or unfinished degree) included relatively heterogeneous educational backgrounds, like mothers who have just started higher education studies and others with almost finished higher education degree.
Potential confounding factors
Family type was considered a potential confounding factor in the analyses. The information on family Physical activity, mental health and education in youth structure was collected at birth and again at the age of 7 and 16 years. 'Family type' was divided into four categories: (i) always two-parent family (76% of adolescents), the child lives with his/her biological parents who are married or cohabiting; (ii) single-parent family (13%), the child lives with his/her biological parent who is divorced, separated or widowed; (iii) reconstructed family (10%), the child lives in a family where his/her biological parents are divorced, separated or widowed but now have a new spouse or partner, or in which the mother had been single at the time of the child's birth but has later married or began cohabiting and (iv) always one-parent family (1%), the child lives in a family where the mother has never married or cohabited.
Missing values
Individuals were excluded from the analyses if the YSR questionnaire data were missing for more than eight items (not including open-ended and socially desirable items, 15 items in total) and if there was more than one answer missing on any of the eight subscales. Otherwise, the missing values were replaced by the mean value of the items on that particular scale for that particular individual.
Statistical analyses
Bivariate cross-sectional associations were examined separately for boys and girls by cross-tabulation with the chi-square test and by logistic regression between physical activity, emotional and behavioural problems, socio-economic position and selfperceived overall academic performance and educational plans. The basic analyses included frequency and relative distributions. We then performed multivariable cross-sectional analyses using logistic regression. Odds ratios (OR) and their 95% confidence intervals (CI) were calculated for the explanatory factors. The data were analysed using SPSS Software, version 16.0 [35] .
Results
Thirty per cent of boys and 29% of girls were classified as having high overall academic performance (Table I ). In addition, 32% of boys and 43% of girls were planning to continue to upper secondary school and to polytechnic or university after secondary school. Boys were physically more active than girls (P < 0.001); 46% of boys as compared with 29% of girls were classified as physically active, 23% of boys and 30% of girls were moderately active and 31% of boys and 41% of girls were physically inactive. The proportion of girls with emotional and behavioural problems was substantially higher than that of boys (Table I ). About 14% of adolescents had a highly educated mother. Boys with a more highly educated mother were more often physically active (54.0%) compared with boys whose mothers had 
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only basic education (43.0%) (P = 0.016). The association was similar among girls (37.4 versus 23.4%, respectively) (P < 0.001).
Physical activity was associated with high overall academic performance and plans for higher education among both boys (Table II) and girls (Table III) . In the unadjusted models, physically active adolescents were about twice as likely to report high overall academic performance and plans of continuing into higher education compared with physically inactive adolescents (Tables II and III) . When adjusted for emotional, behavioural and social problems and mother's education, physical activity was associated with high overall academic performance (OR = 2.19, CI = 1.77-2.70) and plans for higher education (OR = 1.97, CI = 1.60-2.42) among boys (Table II) . In the similarly adjusted models, physically active girls were 1.75 (CI = 1.44-2.14) times more likely to report high overall academic performance and 1.84 (CI = 1.53-2.22) times more likely to report plans of continuing into higher education, when compared with physically inactive girls (Table III) .
In the unadjusted models, boys with behavioural problems were less likely to report high overall academic performance and plans for higher education compared with those without these problems (Table II) . Among girls, both emotional and behavioural problems were related to decreased overall academic performance (Table III) . Additionally, girls with emotional, behavioural or social problems were less likely to report plans of continuing into higher education compared with girls without these problems. When adjusted for other mental health problems, physical activity and mother's education, boys with behavioural problems were 57% (OR = 0.43, CI = 0.33-0.56) less likely to report high overall academic performance and 46% (OR = 0.54, CI = 0.42-0.70) less likely to report plans of continuing into higher education compared with boys without these problems (Table II) . Girls with behavioural problems were 36% (OR = 0.64, CI = 0.52-0.79) less likely to report high overall academic performance and 42% (OR = 0.58, CI = 0.48-0.71) less likely to report plans for higher education than girls without these problems (Table   III ). In the adjusted models, emotional and social problems were not associated with overall academic performance or plans for higher education among either boys (Table II) or girls (Table III) .
Among both boys and girls, a mother's high level of education was related to high overall academic performance and plans for higher education. In the unadjusted models, boys with a more highly educated mother were four times more likely to report high overall academic performance and almost five times more likely to report plans of continuing into higher education than adolescents whose mothers had only basic education (Table II) . Similarly among girls, a mother's high level of education was associated with high overall academic performance (OR = 3.25) and plans for higher education (OR = 4.45) in the unadjusted models (Table III) . When adjusted for physical activity and emotional, behavioural and social problems, boys with highly educated mothers were 3.51 (CI = 2.43-5.09) times more likely to report high overall academic performance and 4.86 (CI = 3.32-7.11) times more likely to report plans for higher education than boys whose mothers only had basic education (Table II) . Moreover, among girls, a mother's high level of education was related to high overall academic performance (OR = 3.23, CI = 2.23-4.68) and plans of continuing into higher education (OR = 4.33, CI = 3.03-6.20), when adjusted for physical activity and mental health problems (Table III) .
Discussion
In this study, physical activity, behavioural problems and socio-economic position were associated with the educational performance of adolescents. The results provide support for the hypothesis that a higher level of physical activity, fewer behavioural problems and a mother's higher level of education are associated with high overall academic performance and plans for higher education among adolescents.
Our results are in line with previous studies reporting that physical activity [36] [37] [38] and a higher level of exercise [39] are related to higher scores of Physical activity, mental health and education in youth Physical activity, mental health and education in youth grade point average among adolescents. Similarly, Nelson and Gordon-Larsen [40] have reported that adolescents partaking in five or more weekly bouts of MVPA were more likely to achieve A grades in Mathematics and Science than adolescents achieving less than five bouts of MVPA per week. However, the present results are somewhat inconsistent with those of Coe et al. [41] , who reported that only a vigorous level of physical activity was positively associated with overall grade score. According to them, moderate level physical activity had no association. An interesting conclusion is also that of Huang et al. [42] , suggesting that for physical activity to have an effect on academic or cognitive outcomes, it must first impact on one's fitness levels. These inconsistencies call for a further investigation of the association between physical activity and academic performance. Our finding that only behavioural problems were related to adverse academic outcomes is consistent with previous studies. The effect of mental health problems on educational attainment varies according to mental illness: several studies indicate that emotional problems have no effect on educational attainment, while behavioural problems, like conduct disorder, and attention deficit hyperactivity disorder exert a fairly strong negative influence [18, 43, 44] . However, a recent study concluded that when attention, internalizing and externalizing problems were examined simultaneously, only attention problems predicted math and reading achievement [16] . The negative influence of emotional problems on educational outcomes found in some earlier studies may be due to common social, familial and personal factors that contribute to both emotional problems and later outcomes [45, 46] . These results emphasize the importance of placing young people's emotional and behavioural problems within the context of their life history and social and personal circumstances [45, 46] .
Our finding of socio-economic position being positively related to academic performance and educational plans among adolescents is also consistent with previous literature. Children and adolescents from families of low socio-economic position are more likely to have lower levels of literacy, numeracy and comprehension, lower higher education participation rates and less successful school to labour market transition [19, 22] . A high level of parental education can contribute to a highly supportive learning environment at home, foster a higher level of achievement and provide higher levels of psychological support, which are likely to enhance educational performance in children and youth [19, 22] . Having parents in more prestigious jobs can influence students' own job expectations, raise their motivation to learning as the means of satisfying high occupational aspirations and widen the range of options for further education [19] . These same explanations may apply to the relation between parental education and adolescents' future educational interests and plans. Although the role of adolescent's socio-economic position on academic performance and future educational attainment is important, it is only a part of the considerable issue of socio-economic inequalities in education. For example, the combined influence of the school's socio-economic intake and student background factors can have a significant effect on students' performance [19] . It is likely that students from adverse socio-economic backgrounds attend schools with features associated with lower performance, though in Finland the differences between schools in this respect are relatively small.
To our knowledge, the present study is the first to test the relation of adolescents' physical activity, mental health and socio-economic position to academic performance and educational plans in the same hypothetical model. A hypothesized schematic representation of the relationships between these factors is shown in Fig. 1 . First, high socioeconomic position is related to successful educational performance (i), increased physical activity (ii) and fewer emotional and behavioural problems (iii). Second, high level of physical activity is related to higher levels of educational performance (iv) and fewer emotional and behavioural problems (v). Third, behavioural problems are related to poorer educational performance in adolescents (vi). Models of life-course epidemiology suggest that sources of risk for physical and mental health occur across the life-course, sometimes reaching M. T. Kantomaa et al. back to previous generation [26] . Together, parental socio-economic position, physical activity and mental health may be critical and often interrelated factors affecting the educational performance of adolescents. For example, according to the concept of 'accumulation of risk', adolescents from low socio-economic position may be more likely to be physically inactive, have behavioural problems and have low levels of academic performance. On the other hand, in the light of chains of risk, low maternal education may lead to physical inactivity, which in turn increases the risk of having behavioural problems leading to academic failure. However, the schematic representation presented in Fig. 1 is only theoretical, and the results of the present study are based on a cross-sectional study setting. A key to understanding these relations in the future will be the examination of how these variables change with respect to each other over time or as the result of an intervention, causal modelling techniques like structural equation modelling being ideal for this kind of analyses [47] .
The novelty of the present study lies in the holistic view to adolescents' educational performance. The present results indicate that interrelations between parental social position and adolescents' physical activity, emotional and behavioural problems and educational performance may form subjective lifecourses from parental social position to adolescent educational attainment. Since educational attainment represents an important and potentially modifiable component of stratification hierarchies [18] , understanding what can influence differences in educational performance can help practitioners and policy makers address quality and equity concerns.
Schools and teachers need to consider their expectations of students from different backgrounds and adopt strategies to raise the level of self-confidence, motivation and learning skills on individual level. This might require higher teacher to pupil ratios and the involvement of the family and the society more widely, including the media and the main actors in the youth culture. On the other hand, the present results emphasize the role of life-course perspective in health education and prevention. Chains formed by adolescents' subjective health status, health behaviours, educational attainment and social background can help to identify points of intervention where it is possible to break chains of risk and establish a new life-course trajectory.
A major strength of this study is the large unselected population sample and the measurement of mental health problems in a broad sense including emotional, behavioural and social problems. Participation rate was very high: 76% of parents and 80% of adolescents. The novelty of this study can also be considered a strength: no study to date has synthesized adolescents' physical activity, emotional and behavioural problems and parental socio-economic position in relation to educational performance and future educational plans. Neither have these associations been viewed in the light of life-course epidemiology before. On the other hand, the crosssectional design does not permit an examination of the causal relationships. Furthermore, the results of this study are based on the data from self-reports of physical activity, emotional and behavioural problems and academic performance and may thus be more prone to measurement errors and social desirability bias than more objective measurements. Physical activity, mental health and education in youth In addition, maternal education was used as a proximal measure of parental socio-economic position. Although self-reported academic performance has been suggested sufficiently adequate for research use [48] , actual academic performance and cognitive skills may mediate self-reported grade validity, validity being higher for students with good academic performance [49] . The dichotomization of educational outcomes is a limitation in the present study and tones down the power of the findings. Social desirability bias may lead to overestimating the time or intensity of physical activity, and for adolescents, errors in recall are likely to be greater than for adults [50, 51] . Using a single measure of mental health problems is also a limitation in the present study, which could partly explain our finding of girls reporting significantly more emotional and behavioural problems than boys. Comprehensive assessment of emotional and behavioural problems would require data from multiple informants, like parents and teachers [30] . Furthermore, it is possible that some chronic medical conditions or their treatments not measured in this study have a confounding effect on these associations. In conclusion, a higher level of physical activity, fewer behavioural problems and higher socioeconomic position as measured by mother's level of education were associated with high selfperceived overall academic performance and plans for higher education of adolescents. The interrelationship between these factors and the positive influence of physical activity on mental health and school outcomes provides a context of critical importance for future research, intervention programming, and can be used to develop policy directed at improving adolescents' mental health and educational performance.
Funding
This study was partly funded by the Ministry of Education, Finland.
